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Colonization of livestock with bacteria resistant to antibiotics is considered a risk for the entry of drug-resistant pathogens into
the food chain. For this reason, there is a need for novel concepts to address the eradication of drug-resistant commensals on
farms. In the present report, we evaluated the decontamination measures taken on a farm contaminated with methicillin-resis-
tant Staphylococcus aureus (MRSA) and Enterobacteriaceae expressing extended-spectrum �-lactamases (ESBL-E). The decon-
tamination process preceded the conversion from piglet breeding to gilt production. Microbiological surveillance showed that
the decontamination measures eliminated the MRSA and ESBL-E strains that were detected on the farm before the complete re-
moval of pigs, cleaning and disinfection of the stable, and construction of an additional stable meeting high-quality standards.
After pig production was restarted, ESBL-E remained undetectable over 12 months, but MRSA was recovered from pigs and the
environment within the first 2 days. However, spa (Staphylococcus aureus protein A gene) typing revealed acquisition of an
MRSA strain (type t034) that had not been detected before decontamination. Interestingly, we observed that a farmworker who
had been colonized with the prior MRSA strain (t2011) acquired the new strain (t034) after 2 months. In summary, this report
demonstrates that decontamination protocols similar to those used here can lead to successful elimination of contaminating
MRSA and ESBL-E in pigs and the stable environment. Nevertheless, decontamination protocols do not prevent the acquisition
of new MRSA strains.

Numerous studies have highlighted the emergence of
methicillin-resistant Staphylococcus aureus (MRSA) (1–4)

and Enterobacteriaceae expressing extended-spectrum �-lactama-
ses (ESBL-E) (5–7) in livestock production, particularly in pigs.
Hence, there is an ongoing debate whether the use of antibiotics in
food animal production represents an important source of con-
tinuous spread of MRSA and ESBL-E to humans (8–10). Farmers
are confronted with two different consequences of this problem:
the potential danger of animal colonization with drug-resistant
bacteria for (i) humans living on or in the vicinity of farms (11–13)
and for (ii) consumers of animal products (14–18). Indeed, live-
stock-associated methicillin-resistant Staphylococcus aureus (LA-
MRSA) have been found in humans living and working in close
contact with pigs and also in hospitals in rural areas (11, 19–25). In
contrast, ESBL-E could possibly be transferred from animals to
humans via meat products (16, 26–28). As a consequence, control
points to limit transmission of resistant pathogens “from stable to
table” have been demanded (29).

Notably, bacteria not only persist on/in the living animal but
also on surfaces that are in contact with the animals, such as barn
walls and equipment (30, 31). LA-MRSA isolates were detected in
dust samples from the investigated breeding farms in Germany as
part of the EFSA (European Food Safety Authority) study, which
focuses on objectives such as antimicrobial resistance, foodborne
zoonotic diseases, and monitoring of feed- and foodborne dis-
eases (32). Friese et al. (33) have shown the occurrence of LA-
MRSA in the stable air of a fattening farm, while ESBL-expressing

Escherichia coli isolates have been isolated from sewers surround-
ing livestock production sites (34). Furthermore, in the farm en-
vironment both commensal and environmental bacteria serve as
reservoirs for the transfer of antimicrobial resistance genes to
pathogenic bacteria (35–37), thus complicating the disease course
and therapeutic regimens.

Consequently, assessment points in pig housing conditions,
environmental care, animal health, and food product safety and
quality, as well as consumer acceptance have already been defined,
and critical control points (CCP [based on the “hazard analysis
and critical control points” concept]) that require the attention of
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the food processing industry (38) have been implemented in qual-
ity control systems (29). However, the strict implementation of
infection control measures to reduce the prevalence of resistant
bacteria is challenging in pig production (39, 40). Hunter et al. (8)
doubt that strategies established in human medicine could be suc-
cessfully modified for use in livestock. Due to the high number of
pigs in a confined space, individual decolonization as conducted
on human patients is nearly impossible; moreover, the contami-
nated environment in the stable needs to be cleaned and disin-
fected (41).

To date, the efficacy of disinfection measures on farms con-
taminated with drug-resistant bacteria is under debate. Our re-
port summarizes the results of microbiological surveillance fol-
lowing an attempt to eradicate (completely eliminate) MRSA and
ESBL-E from a model pig production farm. Extensive hygiene
measures were employed to fight colonization in piglets, sows, and
gilts, as well as to decontaminate the stable environment.

MATERIALS AND METHODS
Formal surveillance procedures and ethics statement. This report is an
observational quality control and a follow-up monitoring of a former
hygiene monitoring program. The model pig farm previously participated
in a hygiene monitoring program supported by their pig producer asso-
ciation in collaboration with the agricultural faculty of the University of
Bonn (carried out in 2012 to 2013) and was found to be contaminated
with MRSA and ESBL-E. The farmer (owner) approached the authors of
this article for follow-up surveillance within the framework of the routine
hygiene monitoring program (2013 to 2014). He agreed with the collec-
tion of air and other environmental samples and the sampling of the pigs
on the farms. Hence, these samples were taken during routine sampling
for monitoring, and the sampling itself was noninvasive. The data ob-
tained during this routine monitoring were analyzed retrospectively. The
farmer provided information on the antibiotic classes administered to his
pigs. This information was verified in his livestock protocol. The results of
this report were communicated to the farmer. All data were handled
anonymously.

According to German animal welfare legislation, this report is not an
animal experiment. An approval by the regulatory body or an animal

welfare committee is not necessary. Nevertheless, all measures taken
strictly follow the terms set by the animal welfare committee of the Uni-
versity of Bonn. With regard to the human samples, no personal data were
used or stored for this observational report. The farm owner and his farm
personnel were informed about the follow-up report and participated on
a voluntary basis. In accordance with the declaration of Helsinki/Seoul,
written informed consent is available from all human subjects involved.
The ethics committee of the Medical Faculty of the University of Bonn was
involved and approved the procedures and the publication of the results
(reference no. 226/15).

Time course and sampling approach. The report summarizes the re-
sults obtained during microbiological surveillance over a period of one
and a half years (from June 2012 to February 2014): (i) baseline values
obtained during a routine monitoring program in 2012, (ii) surveillance
before and after decontamination (process of cleaning and disinfection)
in 2013, and (iii) follow-up monitoring in 2014 (i.e., 1 year after decon-
tamination).

The decontamination was performed during March and April 2013
and carried out by a state-certified disinfector from Destec (Rees, Ger-
many). All pigs were culled (i.e., underwent precautionary killing of ani-
mals to prevent the spread of animal diseases).

In the old stable (A), the individual compartments were completely
separated and could only be accessed through the central corridor (Fig. 1).
Furthermore, a new stable (B) had been added, which was built in series
with the old stable but had to be entered separately. The new stable con-
tained five gilt compartments (waiting areas 1 to 5) in an inside open-
housing system (compartments were separated solely by low barriers).
Only quarantine compartment 6 was totally separated.

Repopulation of the new stable (B) with pigs was conducted in two
steps: within the first 2 days, 250 gilts arrived, and in the first month, 320
gilts arrived. The new incoming gilts were stabled according to their trans-
port groupings, which also corresponded to their age groups. This means
that these gilts stayed together and were not mixed. Beyond this, no ani-
mal movements occurred. However, the gilts were inseminated in the
breeding center (compartment 1 [comp. 1]) in the old stable (A) and
returned to their waiting stable (B).

Microbiological surveillance consisted of screening for MRSA and
ESBL-E in pigs (sows and gilts) and air in 2012 (9 months before decon-
tamination), pigs, air, water, and dust in 2013 in the old stable 1 to 2 days

FIG 1 Sampling plan of environmental samples before and after culling and decontamination in the old (A) and new (B) stables.
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before decontamination, and once a month for 3 months (1 to 2 days, 1
month, and 2 months) after decontamination in both the old (A) and new
(B) stables and in pigs in 2014 (12 months after). In the first 2 months after
decontamination, only two compartments (compartment 1, a breeding
center for gilts, and compartment 8, a sick pen) in the old stable were
populated with pigs (Fig. 1). However, 12 months after decontamination
the old stable was almost fully occupied. For the open parts of the stable,
the sampling plan was oriented following the water pipes of the compart-
ments (with one pipe defined as one compartment) (Fig. 1). The
restabling with pigs occurred as follows. Directly after the new construc-
tion, compartments 3, 4, and 6 were temporarily separated by foil and
were free of pigs. One, 2, and 12 months later, all compartments were filled
with gilts. Dust samples and water samples were taken in all four quad-
rants of a compartment.

Cleaning and disinfection. The decontamination process was de-
vised by Destec (Reed, Germany) and comprised two parts: (i) clean-
ing and (ii) disinfection. Cleaning was performed by the farmer and
the farm personnel. Before cleaning, all technical installations (in far-
rowing pens), the ventilation and air conditioning system, and water
and feeding pipes as well as the ground floor were dismantled and
disposed of. New technical equipment and pipes were reinstalled after
disinfection. After high-pressure cleaning and foaming, the stable was
purified with Alkatens (potassium hydroxide solution, amphoteric
surfactants, and complexing agents) (EWABO Chemikalien GmbH
and Co., KG, Wietmarschen, Germany). The disinfection procedure
involved (i) wet surface disinfection with Aldekol DES 03 (EWABO
Chemikalien GmbH and Co., KG, Wietmarschen, Germany) [glutar-
aldehyde, formaldehyde, benzyl-(C12 to C16)-alkyl dimethyl ammo-
nium chloride], which was performed by Destec over a period of 2
days, and (ii) hot nebulization (1,000°C, �10-�m drop diameter) for
the manure pit, grooves, ventilation system, and feeding installation
for 48 h. After decontamination and during the whole study period,
access to the stable was only permitted via a hygiene barrier, which
included showering and a complete change of clothes. Additionally,
entry was restricted for persons who had had contact with pigs in the
preceding 48 h.

Sample collection and laboratory analyses. All collected samples
were transported (cooled to 4°C) to the laboratory for further processing
within 4 h. Amies medium and charcoal swabs were supplied by Mast
Diagnostica GmbH (Reinfeld, Germany). All swabs were streaked onto
Columbia–5% sheep blood agar plates and selective CHROMagar MRSA
(nasal swabs) or ESBL-Screening CHROMagar ESBL (anal swabs) (Mast
Diagnostica GmbH, Reinfeld, Germany). Plates were incubated at 37 �
1°C in 5% CO2 for 48 h, with a first reading after 24 h. Pink colonies (at
least one) were streaked on Columbia–5% sheep blood agar plates. Quan-
titative counting of CFU was not performed for either nasal or anal swabs.

Sample collection in pigs. During routine monitoring in 2012 a total
of 20 pigs at two different age groups (10 suckling piglets, 10 sows) were
randomly tested. In 2013 before the decontamination, 30 sows of the
former monitored population in the old stable were sampled. Sows were
chosen randomly from all compartments. After decontamination, sows
were housed in the old stable and gilts were housed in the new stable.
There were always considerably fewer sows than gilts. One to 2 days after
the arrival of the first lot of new pigs (about 250), samples were obtained
from about 10% of the pigs from each stable (8 sows housed in compart-
ments 1 and 8 of the old stable and 22 gilts in compartments 2 and 5 in the
new stable) in a random approach. In the following months, the number
of pigs increased by 320. At any time point, when new pigs entered the new
stable prophylactic doxycycline was orally administered via fodder, and
samples were obtained. Due to the increasing number of gilts in the new
stable, the number of samples from this stable also increased to 52 (or 53)
in compartments 1 to 6 (ranging from 5 to 10 pigs per compartment,
depending on the occupancy rate) (Fig. 1). During follow-up monitoring
in 2014, a total of 38 gilts were sampled, 19 from each (old and new) stable.
The sampling strategy referred to compartments and therefore was de-

signed in such a way that pigs from all compartments were sampled; in
consequence, it could not be ensured that individual pigs were resampled.
Sampling followed the same procedure during all parts of the report.
Nasal swabs (inserted 4 cm into both anterior nares along the nasal sep-
tum) were collected for MRSA detection and intrarectal swabs for ESBL-
E-screening.

Human and companion animal specimens. We obtained samples
from all humans living and working on the farm, as well as from the nares
of companion animals (two dogs and two horses [42, 43]). The farmer and
farm personnel contributed nasal samples from the vestibule of both an-
terior nares.

From humans and from companion animals, only nasal swabs were
collected for MRSA detection. No ESBL-E screening was performed.

Decolonization of personnel was performed with the MRE hygiene set
(B. Braun Melsungen AG, Melsungen, Germany).

Air samples. During air sample collection, doors were closed. Air was
collected in the center (40 cm in height) of all compartments (empty and
utilized compartments) (Fig. 1) by impaction employing the MAS-100
NT (Merck KGaA, Darmstadt, Germany). During this procedure, the air
was drawn through a perforated lid (300 holes, each with a 0.6-mm diam-
eter), and the accelerated particles impacted the surface of selective
growth media (CHROMagar MRSA and CHROMagar ESBL; Mast Diag-
nostica GmbH, Reinfeld, Germany). MRSA was detected in an air volume
of 50 liters (at a flow rate of 100 liters/min for 30 s). Two measurements
were needed for the screening of ESBL-E (air volume of 500 liters at a flow
rate of 100 liters/min for 5 min per compartment). The air samples were
taken consecutively with time intervals of 30 to 60 s. After each measure-
ment, the system was disinfected with alcohol pads (B. Braun Melsungen
AG, Melsungen, Germany). Colonies were counted as total number of
CFU per cubic meter and specified according to statistical correction of
Feller with the species-specific correction factor Pr/r, where Pr is the prob-
able statistical total and r is the number of CFU counted on a standard
petri dish (44). The minimum detection limit was 8 CFU/m3.

Dust samples. Dust was sampled in both animal houses at five (old
stable) and four (new stable) sample points per compartment in front and
rear positions (Fig. 1). Dust samples were obtained from (i) an area of 10
by 10 cm (height, 1.5 m) on a flat surface of the window and/or door sills
and (ii) an area of 2 by 50 cm (height, 1.0 m) from bay separations. During
sampling, doors were kept closed. The dust was collected into sterile
100-ml polystyrene containers (no. 225170; Greiner, Frickenhausen, Ger-
many) using sterile cotton swabs (Mastaswab MD 514; Mast Diagnostica,
Reinfeld, Germany). After precise weighing, dust samples were suspended
in 10 ml sterile NaCl (0.9%) and shaken for 5 min. This suspension was
then diluted in three steps (1:10, 1:100, and 1:1,000) in sterile NaCl before
100 �l of the suspension and each dilution was plated on CHROMagar
MRSA and CHROMagar ESBL (Mast Diagnostica, Reinfeld, Germany).
Results were calculated as CFU/100 cm2.

Water samples. Water samples were collected by a research assistant
with valid admission for water sampling according to the Drinking Water
Regulation 2001 (45).

The water supply of the farmer’s house and the entire stable complex is
managed via a central water pumping station in the service area of the old
stable. The central pump transports the water up from the farm’s wells.
The drinking water is controlled regularly. The main pipeline system is
installed in the central corridors of both the old and the new stables and
connects them in series. The constructions of the water network are very
similar in both stables. From the connecting main pipeline, large pipes
branch off into the respective compartments and branch again along the
walls/separations.

In the old stable, small branch-offs supply water to each nipple drinker
(with no drip up) per sow pen. Compartments 2 to 7 contain 14 sow pens
(one per sow). Compartment 1 has almost 80 nipple drinkers that pro-
trude from the long water pipes at animal height.

In the new open-plan stable, water pipes run along the feeding pipes.
Four small branch-offs per compartment supply water to nipple drinkers
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(with no drip up). No water flow occurred prior to sampling of the nipple
drinkers. At the most peripheral sampling points of the water system, an
additional sample was taken after a water flow of 3 min. Samples of the
main water system were obtained from three sites in the central aisle of the
old stable and from the central pump: water taps in the central corridor
were flamed, and water collection was carried out after 30 s of water flow.
Water splashing and overflowing were avoided. Animals had no contact
with the main line taps. Within the compartments of the old stable, water
was obtained from the (i) right and/or (ii) left branches of the compart-
ment pipe (compartments 2 to 7) and nipple drinkers (compartment 1),
respectively. If possible, one water sample was sampled at the peripheral
end, and the other sample was collected at the beginning of the compart-
ment branch-off. The water in the new stable was collected from the first
and last nipple drinker of the compartment pipe. Here, pig contact was
possible.

Approximately 100 ml of water was collected in a sterile polystyrene
cup (article no. 225170; Greiner, Frickenhausen, Germany) and filtered
twice (2� 50 ml) through a sterile nitrocellulose membrane filter (pore
size, 0.45 � 0.02 �m) (Millipore) according to Schulz and Hartung (46).
After filtration, the membrane was placed on selective CHROMagar
MRSA and CHROMagar ESBL agar plates (Mast Diagnostica, Reinfeld,
Germany). In addition, three 10-fold dilutions were prepared using sterile
NaCl, and 100 �l of each dilution was plated on CHROMagar MRSA and
CHROMagar ESBL.

Liquid manure and fodder samples. Liquid manure and fodder were
sampled only 1 to 2 days before the decontamination procedure. Liquid
manure was sampled from the manure pits beyond the old stable. Fodder
samples were collected while filling the feed troughs. Both samples were
transported in sterile 100-ml polystyrene cups (no. 225170; Greiner, Fric-
kenhausen, Germany).

After mixing, 10 g of each sample was transferred into 90 ml sterile
NaCl (0.9%) and homogenized using a Stomacher blender (260 rpm for 2
min) (Stomacher 400 Circulator; Seward United Kingdom, West Sussex,
United Kingdom). This suspension was further diluted to 10�4. From
each dilution, 100 �l was plated onto CHROMagar ESBL and CHRO-
Magar MRSA. Typical colonies were counted, and S. aureus colonies were
confirmed by a plasma coagulase test and matrix-assisted laser desorption
ionization–time of flight mass spectrometry (MALDI-TOF MS) (Vitek
MS, bioMérieux SA, Marcy l’Etoile, France).

Confirmation of MRSA and spa typing. Species identification of S.
aureus was confirmed by coagulase testing and MALDI-TOF MS (Vitek
MS, bioMérieux SA, Marcy l’Etoile, France). Antimicrobial resistance was
determined by Vitek-2 (bioMérieux SA, Nuertingen, Germany) employ-
ing the card AST 632 (where AST represents “automatic susceptibility
typing”) (47). Breakpoints for classification of resistance and susceptibil-
ity were determined based on international standards (http://www.eucast
.org/clinical_breakpoints/). Selected strains from pigs and environmental
samples and all human MRSA isolates were spa typed as described by
Harmsen et al. (48) and allocated to spa types using the spa typing website
(http://www.spaserver.ridom.de/).

Identification, antimicrobial susceptibility testing, and molecular
typing of ESBL-E. ESBL-E was identified by MALDI-TOF MS (bio-
Mérieux SA, Nuertingen, Germany) using Axima@SARAMIS (bio-
Mérieux SA, Nuertingen, Germany). Antimicrobial susceptibility testing
of E. coli isolates was performed on a Vitek-2 employing the cards AST 214
and AST 248 (bioMérieux SA, Nuertingen, Germany). Breakpoints for
classification of resistance and susceptibility were determined based on
EUCAST (http://www.eucast.org/clinical_breakpoints/). Human clinical
breakpoints were primarily used to investigate resistance against antimi-
crobials used in human medicine.

ESBL was further confirmed by PCR detection of CTX-M (AID Diag-
nostika GmbH, Straßberg, Germany).

Statistical analysis. For the comparison of colonization rates of pigs (9
months and 1 to 2 days prior to culling and decontamination versus 12
months and 1 to 2 days after culling and decontamination), alternating

logistic regression was used to take into account possible dependencies
between measurements at the same time in the same compartment.

RESULTS
Situation at the outset. (i) Prevalence of MRSA and ESBL-E in
pigs. This article summarizes the observations made on an indi-
vidual pig farm in North-Rhine-Westphalia (Germany). The farm
had participated in 2012 in a routine hygiene monitoring pro-
gram, which was coordinated by the Faculty of Agriculture of the
University of Bonn. Due to high levels of MRSA and ESBL-E col-
onization (Fig. 2), the farmer had decided to perform a profes-
sional decontamination. The farmer=s plan included (i) complete
culling of the original pig population, (ii) decontamination of the
existing stable (old stable) with cleaning and disinfection, and (iii)
decolonization of an employee continuously colonized with
MRSA (staff 1). The farmer then planned and performed the con-
version from piglet breeding to gilt production, which included
the construction of an additional gilt stable (new stable) next to
the old stable (Fig. 1).

Figure 2 shows the situation at the outset: initial monitoring 9
months before decontamination revealed a high prevalence of
MRSA and ESBL-E and simultaneous carriage of MRSA and
ESBL-E in 10% of the piglets (n � 20) (Fig. 2). A second sampling
9 months later (1 to 2 days before decontamination) was per-
formed to confirm that pigs were contaminated with either MRSA
or ESBL-E (n � 62); one pig carried both. MRSA carriage rates of
the pigs continued to be high prior to decontamination, while
ESBL-E detection rates were decreased (Fig. 2). All ESBL-E isolates
in this study were resistant to �-lactams, quinolones, doxycycline,
tetracycline, and trimethoprim-sulfamethoxazole. The presence
of ESBL-E genes was confirmed by PCR in two strains, both of
which were CTX-M positive.

(ii) MRSA and ESBL-E in environmental samples. In contam-
inated stables, MRSA and ESBL-E have been detected in water (49,
50), air (33, 51), and dust (52, 53), as well as in fodder (33, 50) and
liquid manure (33, 51). During the previous monitoring program,
microbiological analysis revealed the presence of MRSA in all
samples of the stable air of the model pig farm and ESBL-E had

FIG 2 Prevalence of MRSA and ESBL-E in pigs before culling and decontam-
ination. Shown are the percentages of pigs colonized with MRSA and/or
ESBL-E before decontamination (n � 82).
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been detected in one out of two air samples collected within the
stable. Resampling 9 months later again provided evidence for the
presence of MRSA in all of the air (Fig. 3), dust, water, and manure
samples collected.

In contrast, the 10 pooled fodder samples that were collected
from the pig troughs were negative for both MRSA (Fig. 3) and
ESBL-expressing E. coli. Two samples were positive for Citrobacter
amalonaticus and one for Kluyvera cryocrescens. Since these species
were not recovered from pigs, they were not subjected to further
analyses. Four liquid manure samples were obtained, which had
detection rates of 25% (1/4) for MRSA (Fig. 3) and 50% (2/4) for
ESBL-E. Whenever dust tested positive in one compartment, at
least one water sample was found to be positive as well, but not
vice versa.

In contrast, there was no evidence of ESBL-E in the environ-
mental samples.

After decontamination. (i) Prevalence of MRSA and ESBL-E
in pigs. Before repopulation, 10% of the newly purchased sows
and gilts were screened for MRSA and ESBL-E and were shown to
be negative. Furthermore, native dust samples from the supplier

were confirmed by an external laboratory to be negative for MRSA
and ESBL-E. Restabling with pigs occurred 1 to 2 days after the
final decontamination measures or 6 weeks after construction of
the new stable was finished.

Despite this, an initial screen for MRSA and ESBL-E 2 days
after the arrival of the new pigs revealed a low rate of MRSA
(10.0% [3/30]) but no ESBL-E. Two (out of 8) pigs (25.0%) in the
old stable and one pig (out of 22) (4.5%) in the new stable were
MRSA positive. In the first days, the majority of the pigs (gilts)
were housed in compartments 1, 2, and 5 in the new stable, and
only a few animals (sows) were stabled in compartments 1 and 8 in
the old stable.

Resampling after 1 and 2 months revealed increased carriage of
MRSA in pigs in both stables. An MRSA frequency of 37.5% (3/8)
was found for pigs (Fig. 4) that occupied two compartments in the
old stable (Fig. 1). This rate was approximately equal to the aver-
age rate of 32.7% for MRSA-positive pigs in the initial sampling
before the decontamination measures. Within this sampling pe-
riod, the procedure of pig restabling was completed. There was no
evidence for ESBL-E carriage.

FIG 3 MRSA prevalence in environmental samples on the model pig farm. Samples from air were obtained 9 months (n � 2) and 1 to 2 days (n � 8) before
culling and decontamination of the old stable. Samples from dust (n � 22), water (n � 37), manure (n � 4), and fodder (n � 10) were collected.

FIG 4 Percentage of pigs positive for MRSA or ESBL-E after culling and decontamination and the time points of sampling in the old (A) and new (B) stable
sites.
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To monitor long-term effects of the decontamination proce-
dure, we reassessed MRSA and ESBL-E carriage in pigs on the
same farm after 12 months (Fig. 4). No pig was identified as pos-
itive for ESBL-E. In total (including pigs from the new and old
stables), 12 out of 38 (31.6%) pigs were colonized with MRSA.
This roughly corresponds to the average (32.7%) MRSA carriage
in the first two samplings preceding the intervention measures
(Fig. 4). The statistical analysis of the MRSA colonization of the
pigs sampled at different time points 9 months and 1 to 2 days
before versus 1 to 2 days and 12 months after culling and decon-
tamination yielded a P value of 0.0721.

(ii) Prevalence of MRSA and ESBL-E in the environment.
Sampling of pigs was accompanied by environmental sampling
following the sampling scheme in Fig. 1. MRSA was detected after
24 to 48 h after the first new sows and gilts had arrived. MRSA
isolates were present in samples of air, dust, and water obtained
from both the old and new stables (Fig. 5).

In months 1 and 2 after the decontamination procedure, all air
samples obtained in the old stable were negative, whereas all air
samples collected in the new open-plan stable were positive. More
generally, in the old stable only dust samples from the two pig-
housing compartments (Fig. 1) were MRSA positive. In contrast,
within the new stable MRSA was detected in all environmental
media (air, dust, and water) (Fig. 5). In particular, MRSA detec-
tion in air correlated with that in dust. Furthermore, dust and
water samples taken from one compartment seemed to correlate.

Before the farm conversion, MRSA had been detected in al-
most every compartment of the old stable. After the decontami-
nation procedure, only compartments already populated by pigs
were MRSA positive. In the new stable, MRSA was also present in
compartments that housed pigs. One exception, however, was an
air sample collected in a temporarily foil-separated and pig-free
compartment (directly after conversion) that tested positive for
MRSA. On the other hand, not all environmental samples in com-
partments with pigs were MRSA positive.

ESBL-E was not detectable in air, dust, or water samples within
the first 2 months.

spa typing of MRSA strains. All MRSA isolates in this study

showed resistance to all tested �-lactams, erythromycin, clinda-
mycin, and doxycycline only, and no changes antibiotic suscepti-
bility were observed over time. To confirm or exclude the reap-
pearance of the MRSA strains that had been identified in the farm
environment before the decontamination measures, we subjected
selected MRSA isolates to spa typing. In total, 78 MRSA isolates
were analyzed via spa typing, including 35 pig and 11 human iso-
lates, as well as strains from 16 air, 13 dust, and 4 water samples.
All spa types belonged to clonal complex 398: that is t011 (n � 10),
t2011 (n � 16), and t034 (n � 52). The results indicated a shift
from MRSA spa types t2011 and t011 before the intervention to
t034 after the decontamination measures (Fig. 6): spa types t011
(35.3% [6/17]) and t2011 (70.6% [12/17]) were found in all sam-
ples (human, pig, air, dust, and water) obtained before the decon-
tamination measure. In contrast, spa type t034 was detected in
98.0% (50/51) of all isolates (pig, air, dust, and water) collected
after the intervention. No obvious differences in the distribution
of the spa types between the new and the old stables appeared.

The previously predominant MRSA spa type t2011 was only
recovered in water (collected from a water line temporarily dis-
used during the decontamination period in the old stable) (Fig. 1)
after decontamination. Pigs had no contact with this line (see
arrow).

Transmission of MRSA to humans in the farm environment.
To assess whether MRSA strains colonizing the farm personnel
might be transmitted from pigs, we analyzed the spa types of
MRSA isolates from nose swabs of the humans tested in this re-
port. All four persons with MRSA-positive samples had contact
with pigs.

The spa type determined in staff 1 during the first monitoring
(t011) had been displaced by t2011 before the decontamination.
This spa type was still detectable at days 1 to 2 and after 1 month of
acquiring the new pigs. However, after 4 months, this person had
acquired a new strain with the spa type t034 and lost the old strain
with spa type t2011 (Table 1).

Two more employees (temporary staff) carried the spa type
t011 or t2011 before the decontamination procedure. Two
months after the decontamination procedure, one of them had

FIG 5 Percentage of environmental samples positive for MRSA after culling and decontamination and the time points of sampling in the old (A) and new (B)
stable sites.
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lost colonization with S. aureus, whereas the other person was
colonized with t034. The farmer was also colonized with LA-
MRSA (t011) in two samples obtained before decontamination
(one nasal sample and one wound sample) and turned out to be
free of S. aureus after the decontamination procedure.

The results show a clear correlation between spa types in hu-
mans and spa types in pigs and environmental samples (Fig. 6 and
Table 1). They further reveal a shift in colonizing MRSA strains
observed in pigs and the environment (Fig. 6). However, in one
person, this shift was delayed compared to that in the pigs and
stable environment.

Prevalence of MRSA in companion animals. Companion an-
imals are described as potential reservoirs of MRSA and ESBL-E
(54–60). In our report, nasal swabs (one per animal and per time
point) obtained from two dogs (eight samples) and two horses
(eight samples) were MRSA negative. Of note, these animals had
no access to the pig stables.

Dust samples in the stable environment. Native dust samples
and dust swabs were collected; however, only native samples were
used for further analysis. This was due to the fact that MRSA was
identified in 18.5% (32/184) of native dust samples compared to
only 10.9% (20/184) of dust swabs. In 10 cases, both methods
yielded corresponding results; noncorresponding results might be
due to sampling errors due to a nonhomogenous distribution of
bacteria in the dust (61). Initially, MRSA detection in the dust
samples in the old stable was reduced after decontamination

(Fig. 5). It was even lower in the new stable, where only a few
compartments housed pigs and all empty compartments were free
of MRSA.

Usage of antibiotics on the farm during the report period. At
the sampling time point 9 months before the conversion, �-lac-
tam antibiotics and tetracycline (doxycycline) were mostly ad-
ministered to piglets and sows. In the months before the conver-
sion, the farmer removed all animals with a weak health status; this
led to a strong decrease in the use of antibiotics in the period
leading up to the sampling time point 1 to 2 days before conver-
sion and might have caused the decrease in ESBL-E encountered
in these samples. After conversion, every new batch of incoming
gilts and sows (staggered age groups of 160 to 200 days with
weights of 90 to 100 kg) received prophylaxis with doxycycline for
10 days via oral fodder application. The selective pressure gener-
ated by the high use of tetracycline explains the high number of
tetracycline-resistant strains. In fact, 100% of the MRSA isolates
showed resistance to tetracycline, which is a characteristic of
CC398 LA-MRSA. One year after decontamination, the farmer
had abrogated the use of antibiotics because of a continuous ab-
sence of gastrointestinal disease.

DISCUSSION

Although LA-MRSA strains themselves are not a strong concern
for pig health, they are indicators for a poor health status of the
herd and frequent antibiotic treatments. Additionally, these bac-

FIG 6 spa typing of MRSA isolates. Shown is the distribution of spa types relative to the time point of decontamination (before/after) of the old stable and in the
new (�) stable.

TABLE 1 spa types from humans depending on the sampling time point

Human
Pig
contact

spa type by time point of samplinga

Before decontamination After decontamination

9 mo 1–2 days 1–2 days 1 mo 2 mo

t011 t2011 t034 t011 t2011 t034 t011 t2011 t034 t011 t2011 t034 t011 t2011 t034

Farmer Yes � � � � � � � � � � � � � � �
Staff 1 Yes � � � � � � � � � � � � � � �
Staff 2 Yes * * * � � � * * * � � � * * *
Staff 3 Yes * * * � � � * * * � � � * * *
Farmer’s wife No � � � � � � � � � � � � � � �
a 	, positive for spa type; �, negative for spa type; *, not tested.
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teria have a serious pathogenic potential for humans and therefore
pose a risk to consumers and producers (62).

The present report describes the first attempt at total elimina-
tion (eradication) of MRSA and ESBL-E from a pig farm. So far,
only one previous study reports eradication measures for MRSA
on two horse farms; however, only short-term eradication of
MRSA was achieved (30). In contrast, by the approach used in this
study the original LA-MRSA strains (spa types t011 and t2011)
were eliminated from both the environment and the pigs (Fig. 6).
Additionally, ESBL-E isolates were completely absent after the dis-
infection procedure (Fig. 4 and 5). Thus, the decontamination
measures performed in this report can be regarded as successful.

Nevertheless, after decontamination the original MRSA strains
were replaced by a new LA-MRSA strain with spa type t034 (Fig.
6); the source of this new strain is unclear. On the one hand, it has
been proposed that colonized human subjects represent a possible
source of LA-MRSA for transmission to animals (63–65). This
might be particularly true in breeding farms where personnel have
close and very frequent contact with horses (30) or nursing sows
and suckling piglets (66). However, the spa typing revealed that
the new strain was not detectable in the farm personnel in the first
2 months after decontamination. On the other hand, introduction
of only a few MRSA-positive animals into a pig stable with MRSA-
negative pigs will constitute a reservoir for new colonization (67–
70). spa repeats can be removed or duplicated by slipped-strand
mutation. This way, one mutational event would be required to
transform t011 to t034 and t011 to t2011, but two steps would be
necessary to transform t2011 (found in the human specimen) to
t034. Despite the relatedness of the spa types, we therefore hypoth-
esize that due to the complete absence of t011 after the disinfection
measures, it is very unlikely that the new t034 MRSA population
originated from mutation of the old strain.

To exclude reintroduction of MRSA and ESBL-E after the de-
contamination, pigs and dust had been screened for MRSA and
ESBL-E on the supplier farm. An MRSA- and ESBL-E-negative
cohort was selected based on these examinations and transferred
to the farm. However, the pigs were only transferred 3 months
after microbiological analysis, offering the possible explanation
that LA-MRSA might have been acquired during this period (71,
72). Thus, the conversion of the farm to a closed pig production
system could have been a very effective means for prevention of
MRSA recolonization (73, 74); however, the insufficient control
of colonization of the incoming animals represents an important
pitfall. A decline in ESBL-E colonization was also visible at the
sampling just before decontamination and might be caused by the
better health status and by the fact that farmer had stopped dis-
pensing antibiotics.

MRSA is frequently present in environmental samples (Fig. 5)
(33). In horse stables, MRSA has been isolated from 62% of stall
surfaces, including walls, doors, water bowls, feed bowls, and hay nets
(75). Additionally, LA-MRSA can be transmitted via air and is emit-
ted via ventilation systems into the ambient air (33, 76, 77). This fact
could explain how one air sample from a restricted and foil-separated
area without pigs was positive. Otherwise, all compartments free of
pigs were also free of MRSA, indicating that the disinfection measures
had been effective, especially since MRSA can survive on dust for
several months (33). Furthermore, dust samples were MRSA positive
whenever the microorganisms were detected in the air (Fig. 5), an
observation also made by Friese et al. (33). Interestingly, colonization
of the two affected employees either ceased or switched to the new

LA-MRSA strain in the first months after decontamination (Table 1).
This finding agrees with a previous report showing that humans
working on pig farms carry MRSA of the same sequence type as the
pigs (66, 78). Thus, our report demonstrates that in this case, the
environmental predominance of an MRSA strain outcompeted
the preexisting colonization of personnel with other MRSA strains.
Considering the presence of the MRSA strain in the air and dust of the
stable, this observation confirms earlier reports that indicate that
MRSA detected in the nose swabs may well be acquired by breathing
stable air (33, 79).

Our results show that the control of MRSA colonization can be
achieved with basic but rather aggressive infection control mea-
sures (as in our case total decontamination and new construction
of stables and culling of pigs, including decolonization of farm-
workers and infection control measures). The conversion and dis-
infection procedures applied in this report are in line with those
recommended (54, 80). The stable installations were constructed
of metal and plastic. These surface types are considered to be rel-
atively easily disinfected compared with wooden surfaces (75).

Because of the drastic and costly measures applied here, the
question arises of whether only active screening and strict imple-
mentation of infection control protocols (30) would have been
completely sufficient for elimination of LA-MRSA and ESBL-E.
Friese et al. (33) conclude that very effective cleaning and disin-
fection of the stables, including all ventilation systems, before
housing with new incoming pigs are necessary to avoid transmis-
sion of MRSA between subsequent fattening groups or groups of
animals within breeding farms by contaminated premises. Similar
to our approach, Friese et al. (33) performed dust sampling before
and after replacement of animals and cleaning and disinfection of
stables; however, MRSA was not eradicated.

For calves, an inverse association was found between MRSA
carriage and farm hygiene (odds ratio [OR], 0.3): i.e., cleaning of
stables before entrance of new calf populations to the farm. Dis-
infection was applied in less than 20% of the farms and was not
negatively associated with MRSA carriage in calves (81). These
results suggest that less severe methods may not have been suc-
cessful.

In an interview with the farmer 1 year after decontamination,
the farmer observed substantial benefits of the measures that had
resulted in a strong decrease in the use of antibiotics due to the
abandonment of the prophylaxis for incoming pigs. Furthermore,
he reported that the incidence of diarrhea had dropped to zero,
that the litters were more homogenous, that the scattering effect
within a litter was not as high, and that the loss rate in piglets was
below 2%. He assumed that a strong stable immunity within the
herd had developed as the piglets born in the new system showed
no health fluctuations. Nevertheless, the farmer was still partici-
pating in continuous and uniform monitoring programs that en-
tail several diagnostic procedures.

In conclusion, we have shown here that eradication of resistant
bacteria from a pig farm is costly but possible and conveys bene-
fits. However, reintroduction of colonized new animals must be
avoided by very intensive screening shortly before purchase and
transfer.
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